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@ Transfectant cell lines which express the major human rhinovtrus receptor. 



ing to a human cell surface receptor protein is also 
provided. 



@ Non-human mammalian cell lines which express 
the major human rhinovirus receptor protein. The 
CNJcell lines are prepared by gene transfection of hu- 
^man ONA, such as HeLa ceil DNA, into non-human 
Iji^ mammalian cells, such as mouse cells. Primary tran- 
r— sfectants can be transfected into further non-human 
00 mammalian cells to provide secondary transfectants. 

Cloning of secondary transfectants yields ceil lines 
r— that exhibit enhanced expression of the surface re- 
^ceptor protein. The transfectant cell lines provide a 
Q means for cloning the major human rhinovirus recep- 
tor protein gene and immunogens for producing anti- 
yj bodies, pariicularty monoclonal antibodies, against 
the receptor protein. A general method for screening 
drug candidates for their ability to block ligand bind- 
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TRANSFECTANT CELL LINES WHICH EXPRESS THE MAJOR HUMAN RHINOVIRUS RECEPTOR 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention concerns non-human 
mammalian cell lines which express the major hu- 
man rhinovirus receptor gene. The invention also 
concerns a method for screening compounds for 
the ability to block binding of a ligand to a human 
cell surface receptor protein. 



Background Information 

The human rhinoviruses are the major causttive 
agent of , upper respiratory tract infections including 
the "common cold". Approximately 100 im- 
munologically distinct serotypes have been iden- 
tified and thus a vaccine approach to the preven- 
tion of infection is not believed to be feasible. 
Furthermore, it is difficult to grow rhinoviruses to 
high titers in culture. In addition, many rhinovirus 
serotypes are present during single respiratory dis- 
ease outbreaks and may recur only rarely in the 
same a'rea. Injection of purified vaccines has shown 
that the high levels of serum antibody are fre- 
quently not associated with similar elevation of 
local secretory antibody, which may be the most 
significant factor in disease prevention. 

Viral attachment and entry into cells is me- 
diated by specific cell surface receptors. Competi- 
tion binding studies have shown that 80% or more 
of rhinovirus serotypes bind to a single receptor 
which has been termed the '*major receptor". Most 
of the remaining serotypes bind to a second minor 
receptor. 

Rhinoviruses are picornaviruses similar to en- 
teroviruses, but differing from them in having a 
CsCI buoyant density of 1.40 g/mL and in being 
acid-Iabile. 

The rhinovirus enters via the upper respiratory 
■tract. High titers of virus in nasal secretions, which 
can be found as early as 2 to 4 days after expo- 
sure, are associated with maximal illness. There- 
after, viral titers fall, although illness persists. 

Histopathologic changes are limited to the sub- 
mucosa and surface epithelium. These include en- 
gorgement of blood vessels, edenrta. mild cellular 
infiltration, and desquamation of surface epithelium, 
which is complete by the third day. Nasal secretion 
increases in quantity and in protein concentration. 

The incubation period is brief, from 2 to 4 days 



and the acute illness usually lasts for 7 days, 
although a nonproductive cough may persist for 2- 
3 weeks. The average adult has 1 to 2 attacks each 
year. Usual symptoms in adults include irritation in 

5 the upper respiratory tract, nasal discharge, head- 
ache, mild cough, malaise and a chilly sensation. 
Approximately one-fifth of rhinovirus infections re- 
sult in fever symptoms. The nasal and nasopharyn- 
geal mucosa become red and swollen and the 

w sense of smelt becomes less keen. Mild hoarse- 
ness may be present. Prominent cen/ical adenop- 
athy does not occur. Secondary bacterial infection 
may produce acute otitis media, sinusitis, bronchi- 
tis, or pneumonitis, especially in children. Type- 

75 specific antibodies appear or rise with each infec- 
tion. 

Natural immunity may exist, but may be brief. 
Only 30 to 50% of volunteers can be infected with 
infectious material; yet the "resistant" volunteers 

20 may catch colds of the same serotype at other 
times. Furthermore, people in isolated areas have 
more severe colds and a higher incidence of infec- 
tion when a cold is introduced, than people in 
areas regularly exposed to the virus. It has also 

25 been observed that older adults experience fewer 
colds than young adults and children. One three 
year study of acute respiratory tract illness in col- 
lege and medical students showed that the same 
serotype was never isolated from separate illnes- 

30 ses in any student who had 2 or more illnesses. 

Recent work with human volunteers has shown 
that resistance to the common cold is independent 
of measurable serum antibody, but perhaps is re- 
lated to specific antibody in the nasal secretions. 

35 These secretory antibodies are primarily IIS IgA' 
immunoglobulins, produced locally in the mucosa 
and not a transudate from the serum. These IIS 
IgA antibodies do not persist as long as those in 
serum and this could explain the paradox of re- 

40 infection in a person with adequate serum anti- 
bodies. Results regarding the role of interferon in 
recovery are inconclusive to date. 

Volunteers infected with one rhinovirus 
serotype resist challenge with both homologous 

45 and heterologous virus for 2 to 16 weeks after the 
initial infection. Resistance to homologous chal- 
lenge is complete during this period, while resis- 
tance to heterologous challenge is incomplete. This 
nonspecific resistance may be a factor in the con- 
so troi of naturally occurring colds. 

The disease occurs throughout the world. In 
the temperate zones, the attack rates are highest in 
early fall and winter, declining in the late spring. 
Members of isolated communities form highly sus- 
ceptible groups. 
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Colds in children spread more easily to others 
than do colds in adults. Adults in households with a 
child in school have twice as many colds as adults 
in households without school children. 

In a single community, many rhinovirus 
serotypes cause outbreaks of disease in a single 
season and different serotypes predominate during 
different respiratory disease seasons. 

The first step in rhinovirus infection of human 
cells is the attachment of the virus to specific cell 
surface receptors. The presence of these receptors 
is an absolute requirement for viral entry and there- 
fore for successful infection of a cell. Rhinovirus 
receptors have been identified on the surface of 
human cells in tissue culture using virus binding 
assays (L. Medrano and H. Green, "Picornavirus 
Receptors and Picornavirus Multiplication in 
Human-Mouse Hybrid Cell Lines", Virology , 54. 
515-524, (1973); G. Abraham and R. J. Colonno, 
"Many Rhinovirus Serotypes Share the Same Cel- 
lular Receptor". J. Virol. . 51_. 340-345, (1984)). 
Rhinovirus infection is restricted to higher primates, 
particularly humans. This restriction is likely to be 
due at least in part to the requirement for receptors 
which are not found on non-human cells with the 
exception of certain simian species. 

Competition binding studies have shown that at 
least 80% of rhinovirus serotypes bind to a com- 
mon cellular receptor and that most of the remain- 
ing serotypes bind to a second receptor, giving rise 
to the terms "major" and "minor", receptors. Mon- 
oclonal antibodies which recognize the major re- 
ceptor were isolated by R. J. Colonno, P. L. Cal- 
lahan and W. J. Long, "Isolation of a Monoclonal 
Antibody that Blocks Attachment of the Major 
Group of Human Rhinoviruses^.J. Virol. , 57 , 7-12. 
(1986) using methods previously described to iso- 
late antibodies to the Coxsackie 8 virus receptor 
(Campbell and Cords. J. Virol. , 48. 561-564, (1983)) 
and the poliovirus receptor (Minor et al. Virus Res. . 
1, 203-232. (1984): P. Nobis, R. Zibirre, G. Meyer. 
J. Kuhne. G. Warnecke and G. Koch. "Production 
of a Monoclonal Antibody Against an Epitope of 
HeLa Cells that is the Functional Poliovirus Binding 
Site". J. Gen. Virol. . 66. 2563-2569, (1985)). 

In "this procedure, antibodies are raised against 
ceil surface molecules by immunizing mice with 
cells of another species, in this case human cells 
which express the receptor of interest. Hybridomas 
are produced and the supernatants are screened 
for blocking activity against viral infection of cell 
monolayers in a standard infectivity assay. 

R. J. Colonno. P. L. Callahan and W, J. Long 
screened approximately 8000 hybridomas and 
identified a monoctonal antibody which prevented 
infection of HeLa cells by rhinovirus serotypes 
which bind to the major receptor. It was found that 
the antibody showed a similar profile of binding 
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activity to a panel of tissue culture cells as does 
the virus, i.e.. binding to the majority of human cell 
lines tested as well as to monkey cell lines, but no 
binding to cell lines from any other species. It was 
5 later shown by J. £. Tomassini and R. J. Colonno. 
"Isolation of a Receptor Protein Involved in the 
Attachment of Human Rhinoviruses". J. Virology , 
58. 290-295, (1986), that this monoclonal antibody 
immunoprecipitates a 90 kd polypeptide from hu- 
jo man cells. The antibody was used for affinity pu- 
rification of the 90 kd polypeptide and this purified 
material was used to raise a polyclonal antiserum 
in rabbits. The rabbit polyclonal antibody was 
* shown to also immunoprecipitate the 90 kd poly- 
75 peptide and to have blocking activity in the infectiv- 
ity assay. This correlation between the receptor 
blocking antibodies and the 90 kd polypeptide led 
to the conclusion that this was the major human 
rhinovirus receptor, although not directly proving 
20 that this was the case, i.e., it was not shown that 
the 90 kd polypeptide has rhinovirus receptor activ- 
ity, but rather that it could be used to elicit an 
antibody response which had receptor blocking ac- 
tivity. Thus, for example, possibilities such as the 
25 association of the 90 kd polypeptide with a second 
protein which is the true receptor could not be 
excluded by this data. 

A number of attempts have been made to 
produce monoclonal antibodies that would block 
30 attachment of the human rhinovirus to human cells. 
European Patent Specification No. 169.146 con- 
cerns the sequencing of the human rhinovirus 
serotype. HRV 14 and the production of monoclonal 
antibodies against the viral protein. European Pat- 
as ent Specification 192.175 concerns the sequencing 
of the HRV2 serotype. McCray and Werner, Na- 
ture, 329. 736-738, (1987). prepared monoclonal 
antibodies against synthetic peptide, immunogens 

comprising peptide sequences postulated from the 

40 protein sequence of HRV to form part of the bind- 
ing site on the virus for the cell surface receptor 
protein. These studies have failed either by being 
unable to demonstrate substantial blocking of virus 
binding to the receptor protein or by the lack of 
45 efficacy in human subjects. 

Monoclonal antibodies isolated by immuniza- 
tion with HeLa cells and screening for blocking 
virus attachment were described in C. Mendelsohn. 
B. Johnson. K. A. Lionetti, P. Nobis. E. Wimmer 
50 and V. R. Racaniello. "Transformation of a Human 
Poliovirus Receptor Gene into Mouse Cells", Proc. 
Natl. Acad. Sci. U.S.A. . 83, 7845-7849, (1986), for 
the poliovirus receptor. 

55 

SUMMARY OF THE INVENTION 
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The present invention provides non-human cell 
lines which express the major human rhinovirus 
receptor protein. Accordingly, the invention pro- 
vides the basis for cloning the human rhinovirus 
receptor protein gene and for elucidating the se- 
quence and structure of this surface protein. Such 
infomnation will permit the generation of peptides 
which can mimic the receptor binding interactions 
with the virus and thereby serve as effective bloc- 
king agents for infection. Moreover, the receptor- 
expressive non-human cell lines produced by gene 
transfectant techniques provide improved im- 
munogens for generating antibodies against the 
receptor protein and a source of expressed recep- 
tor protein free of other human proteins. 

Primary transfectant cell lines are obtained by 
gene transfection ofr human DNA into suitable non- 
human mammalian, cells^ e.g.. mouse cells. Secon- 
dary transfectants, characterized by the virtual ab- 
sence of any human DNA sequences, other than 
the gene coding for the receptor protein, can then 
be obtained by gene transfection of the primary 
transfectant DNA into suitable non-human mamma- 
lian cells. Cloning of secondary tranfectants leads 
to the isolation of substantially homogeneous high 
expression cloned cell lines that express as much 
as ten fold or more human rhinovirus receptor than 
parent human cells, e.g., HeLa cells. 

The rhinovirus receptor gene can be cloned 
from a secondary transfectant by conventional 
methods, e.g.. the method of Kuhn. McClelland and 
Ruddle. Cell , 37. 95-103. (1984). Cloned fragments 
of human genomic DNA which code for the major 
human rhinovirus receptor can be inserted into 
appropriate recombinant DNA expression vectors. 
Cells suitably transformed by such expression vec- 
tors will express the major human rhinovirus recep- 
tor protein. 

The. primary and secondary transfectants can 
be used as immunogens to produce antibodies, 
particularly monoclonal antibodies, to the receptor. 
The transfectants provide a more specific im- 
munogen than, for example, HeLa ceils because 
the species of mammalian cells expressing the 
human surface protein and the species of the im- 
munized animal can be the same, e.g.. mouse, 
yielding an immunogenic response directed specifi- 
cally only to the foreign protein. Antibodies pro- 
duced in this manner will be selected for the ability 
to block viral attachment to cells and will be useful 
in delineating the viral attachment points on the 
receptor molecule. This will provide key information 
leading to identification of candidate peptides for 
blocking viral infection. 

The present invention also provides a general 
method for screening compounds for the ability to 
block binding of a ligand, e.g., a virus, to a human 
cell surface receptor protein. The method involves 




contacting non-human mammalian cells produced 
by gene transfection or other suitable means which 
express the receptor protein with a candidate com- 
pound and determining whether blocking occurs. 
5 Current methods for screening such drug candi- 
dates are generally based on cell culture models. 
The first step in such prior art methods is to 
determine non-toxic levels of the candidate com- 
pound. Assays are then performed to determine if 

10 the normal ligand-receptor interaction has been 
blocked. In the case of viral infection, viral replica- 
tion can be followed in a number of ways depend- 
ing on the particular virus and the assays available. 
For example, rhinovirus infection can be followed 

;5 by monitoring the cytopathic effect of the virus. HIV 
infection can be followed by syncitium formation or 
reverse transcriptase activity. 

The prior art drug screening methods are limit- 
ed in a number of important aspects. Since com- 

20 pounds are generally tested in celt culture, non- 
toxic levels of drug candidates must be used. This 
almost certainly results in negative results from 
compounds which would have activity at higher 
doses. If such compounds could be identified, the 

25 toxicity problem can be addressed by subsequent 
chemical modification, or the use of multiple com- 
pounds at non-toxic levels which may act synergis- 
ticaliy. In the case of viruses, the choice of the cell 
model is of importance since viral replication may 

30 vary between cell lines. Thus, both false positives 
and false negatives may arise from the use of an 
inappropriate model. Many of the assays are time 
consuming and labor intensive, which severely lim- 
its the number of compounds which can be tested, 

35 A number of advantages result from the use of 

non-mammalian cell lines that express the surface 
receptor of interest. Compounds that are targeted 
to act outside the cell can be screened. Toxicity 
problems are eliminated because the assay can be 

40 performed on fixed ceils. Rapid screening is possi- 
ble. Using an appropriate format, e.g., an ELISA- 
type assay on fixed cell monolayers, hundreds of 
tests can be done in a single day. The use of 
cloned secondary transfectants exhibiting in- 

45 creased surface receptor expression provides a 
more sensitive assay with fewer background prob- 
lems. 



50 DETAILED DESCRIPTION OF THE INVENTION 



The cell lines of the present invention are ob- 
tained by gene transfection. Gene transfection is 
55 the process by which DNA is introduced into the 
nucleus of cultured cells and is used with an appro- 
priate selection to obtain cells which retain and 
express the transfected DNA as part of their ge- 
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netic material (F. H. Ruddte. M. £. Kamarck. A. 
McClelland and L. Kuhn. "ONA Mediated Gene 
Transfer in Mammalian Gene Cloning". Genetic 
Engineering . Vol. 6. 319-388 (1984)). 

In panicular, the preparation of cell lines ac- 
cording to the present invention will involve: 

(1) Cotransfection of human ONA, e.g., HeLa 
DNA with a selectable marker, e.g., the HSV tk 
gene into recipient cells. The transfectlon proce- 
dure and recipient cells should preferably permit 
the isolation of several thousand independent trans- 
fectants, e.g.. the calcium phosphate precipitation 
procedure using Ltk~ cells as recipients. 

(2) Selection of primary transfectant cells 
expressing the major rhinovirus receptor on their 
surface, for example, by fluorescence activated cell 
sorting. Such cells can be detected by receptor 
specific reagents, e.g.. fluorescence based virus 
binding assay or anti-receptor monoclonal anti- 
body. 

(3) Cotransfection of primary transfectant 
DNA into recipient cells as in (1) above and selec- 
tion of expressing cells as in (2) above to obtain 
secondary transfectants. 

(4) Selection of transfectants with a higher 
level of expression by cell sorting of the highest 
1% of cells in the secondary population and sub- 
cloning from a substantially homogeneous high ex- 
pression population. 

The human DNA used in the primary transfec- 
tlon can be essentially any human DNA from a 
source that contains the complete human genome, 
but preferably will be from a source cell line that is 
known to express the receptor protein. In the case 
of HRV, HeLa cells are known ("Assay and Pu- 
rification of Picornaviruses". Virology - A Practical 
Approach, 8. W. J. Mahy, ed. IRL, Press) which are 
among the best for gi-owth and propagation of 
HRV. 

The recipient non-human mammalian cells like- 
wise can vary, widely, provided that they exhibit 
some means for selecting transfectants. undergo 
efficient transfectlon and do not themselves ex- 
press the receptor protein of interest: Essentially all 
tissue culture cell lines have been developed to 
have a selectable marker which can be used to 
isolate successful transfectants. For example, the 
marker neo which confers resistance to G413 can 
be used in cells sensitive to G418. While some cell 
types may be inefficient recipients using the con- 
ventional calcium phosphate method, alternative 
methods such as electroporation or protoplast fu- 
sion are available. Provided that several thousand 
independent transfectants can be achieved, any 
cell type can be used in the role of the recipient. In 
the case of human receptor proteins, most human 
cell types and similar cells can not be used be- 
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cause they normally express the desired receptor 
protein. 

Ltk~- cells, particularly of the murine variety, 
are panicularly useful as recipient cells. They are 

5 deficient in thymidine kinase activity due to a non- 
reverting mutation in the cellular thymidine kinase 
gene. HAT media provides a powerful section for tk 
activity which can readily be restored to Ltk" cells 
by transfection of the Herpes tk gene. Thus a well 

10 characterized, efficient and convenient selection for 
cells which have become stably transfected is af- 
forded by the use of these cells. Ltk~ cells are . 
among the most efficient recipient cells for the 
calcium phosphate transfectlon procedure. Fre- 

15 • quencies as high as 1 cell in 300 can be obtained. 
Since at least several thousand independent trans- 
fectants are required for successful genomic trans- 
fection of a gene, it is preferable to use recipient 
cells which transfect efficiently. In the case of HRV. 

20 Ltk" cells do not express the rhinovirus receptor 
gene. Since the selection of transfectants uses a 
virus binding assay, this can be an essential prop- 
erty of the recipient cells. The repetitive DNA se- 
quences in Ltk~ cells .do not cross hybridize with 

25 human repetitive sequences. Human DNA in Ltk~ 
cells can therefore be detected by repetitive se- 
quence probes. Since a main objective of generat- 
ing the transfectants is the molecular cloning of the 
gene, it is important that the recipient cells be of a 

30 species other than human which meets this cri- 
terion. 

The present invention also provides a method 
for producing a monoclonal antibody to the major 
human rhinovirus receptor by somatic cell hybrid- 

05 ization techniques. In general, a monoclonal anti- 
body of the present -invention is produced by im- 
munizing a competent host animal with non-human 
mammalian cells which express the major HRV 
receptor (prepared by gene- transfection as de- 

40 scribed above), fusing lymphocytes from such host 
animal which produce antibody to HRV receptor 
with myeloma cells to form hybridomas. isolating a 
hybridoma clone which secretes the desired anti- 
body and harvesting the secreted monoclonal anti- 

45 body. The lymphocytes involved in the hybridiza- 
tion are commonly spleen cells removed from an 
immunized animal such as a mouse or rat. Prefer- 
ably, both the lymphocytes and myeloma cells are 
of murine origin, with murine myeloma ceils defi- 

50 cient in the enzyme hypoxanthine guanine 
phosphoribosyl transferase being particularly use- 
ful. For reviews and commentary on the production 
of monoclonal antibodies by somatic cell hybridiza- 
tion, reference may be made to the following: Lym- 

55 phocyte Hybridomas, ed. Melchers et al, Springer- 
Veriag (New York 1978); Nature , 266. 495(1 97T); 
Med. Lab. Sci., 36, 329(1979); and Science . 208. 
692ri9"80r 
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Formed hybridomas which secrete the desired 
antibody are isolated, usually by cloning on culture 
media selective for the fused cell hybridomas and 
determining by appropriate methods an isolated 
hybridoma which secretes the desired antibody. 
The homogeneity of the hybridoma cell line is 
thereafter preferably assured by subcioning the 
hybridomas selected for their desirable antibody 
secretion. Harvesting of the secreted monoclonal 
antibodies is performed by conventional tech- 
niques. Proliferation of antibodies, can be accom- 
plished by culturing hybridomas in vitro or rn vivo, 
e.g., introducing the hybridoma into an animal such 
as a mouse and removing antibody-rich ascites 
fluid. 

Lymphocytes producing antibody to HRV re- 
ceptor can be obtained from various sites, usually 
the lymph nodes or spleen. Usually, the selected 
lymphocytes are spleen cells from the immunized 
animal. Immunization is accomplished by injection 
of the host animal, e.g., mouse, rat. or goat, at one 
or more of a variety of sites with the receptor- 
expressive non-human mammalian cells, preferably 
primary transfectant cells, normally In admixture 
with an adjuvant. Further injections are made at the 
same or different sites at regular or irregular inter- 
vals thereafter until it is evident that anti-receptor 
antibodies are being produced in vivo. 

Myeloma cells, that is, nrialignant cells from 
primary bone marrow tumors, produce im- 
munoglobulins with unknown specificity and have 
the ability to propagate in vitro . In contrast, individ- 
ual lymphocytes characterized by the secretion of 
immunoglobulins with known specificity, i.e.. anti- 
bodies capable of binding a known antigen or hap- 
ten, are labile under in vitro culturing. A hybridoma, 
i.e., a hybrid cell formed by fusion of a single 
lymphocyte with a single myeloma cell, retains the 
desired immunological specificity of the lym- 
phocyte parent cell and the desired in vitro stability 
of' the myeloma parent celt. Myelonna cells of var- 
ious animal origin can be used according to the 
present invention, for example, myeloma cells from 
mice or rats, however, for reasons of genetic stabil- 
ity it is preferred to fuse lymphocytes and 
myeloma cells derived from the same animal spe- 
cies and most preferably, from the same, strain of 
such animal species. Murine lymphocytes and 
myeloma cells are most commonly use, particularly 
from the BALB/c strain. 

Myeloma cells may be of the secreting or 
nonsecreting type, the former characterized by se- 
cretion of immunoglobulin or fragments thereof 
from the cell into the surrounding medium. Non- 
secreting cell lines are preferred since the resulting 
hybridomas will feature secretion of only the spe- 
cific immunoglobulin (e.g., IgG. lg£. IgM, IgA or 
IgO classes) produced by the parent lymphocyte. 
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Moreover, myeloma cells which have been ren- 
dered deficient in a particular nucleotide synthetase 
enzyme are particularly preferred since such a 
circumstance provides ready means for isolating 
5 hybridomas from nonfused lymphocytes and 
myeloma cells. When grown on a culture medium 
containing the substrate or substrates for the 
nucleotide synthetase enzyme in which the 
myeloma cell is deficient as the only source of 

10 nucleotide formation* hybridomas will survive and 
proliferate since the deficient enzyme will be pro- 
vided by retained genetic features from the lym- 
phocyte. However, nonfused myeloma cells will die 
because of enzyme deficiency and nonfused lym- 

15 phocytes will die due to their inherent in vitro 
liability. Preferred myeloma cell lines are" those 
deficient in the enzyme hypoxanthine guanine 
phosphoribosyl transferase (HGPRT) and unable to 
survive on culture media containing hypoxanthine, 

20 aminopterin and thymidine for nucleotide synthesis 
(such media being conventionally referred to as 
HAT media - Science , 145, 709(1964). Particular 
myeloma cell lines which are useful in the present 
method are conventionally known in the art, 

25 Fusing of the lymphocyte and myeloma cells 

to form hybridomas is accomplished" by conven- 
tional means, usually by mixing the cells in the 
presence of a fusing agent such as sendai virus or 
polyethylene glycol (PEG). PEG is the preferred 

30 fusing agent and is available in commercial lots 
which vary widely in degree of purity and suitability 
for in vitro application. Optimal molecular weights 
for PEG fusing agents have not been established, 
with molecular weights between about 1000 and 

35 4000 (commercially available as PEG 1000, etc.) 
being conventionally used. 

The mechanism of fusion is generally unknown 
and yields efficiencies of one hybridoma formed for 
about every 10* normal, cells present. The ratio of 

40 the number of lymphocytes to myeloma cells is 
usually greater than one, more usually 5 or more. 
Since an unscreened population of lymphocytes is 
made available to the myeloma cells for fusion, 
resulting hybridomas will express a distribution of 

45 varying antibody secretions. A hybridoma clone, 
i.e., a population of cells having a common single 
cell origin, which secretes the desired antibody is 
isolated by conventional techniques. A common 
technique involves the division of the fusion mix- 
so ture into a multiplicity of diluted volumes in the 
expectation that the majority of resulting volumes 
which contain hybridomas will contain no more 
than one. Preferably, the individual volumes will 
comprise a selective culture medium, e.g.. the HAT 

55 medium mentioned above, in which only 
hybridomas will survive. Aliquots of the separate 
culture fluids are removed after an appropriate in- 
cubation period and subjected to an assay for the 
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desired antibodies. Many methods are commonly 
used in this screening step, including immunoas- 
say procedures such as radioimmunoassay or non- 
isotopic immunoassays of the homogeneous or 
heterogeneous type. Culture fluids which are posi- 
tive for the desired antibody are then usually sub- 
cloned, such as by further limiting dilution steps, to 
assure monoclonal isolation and for stability of the 
desired hybridoma. 

The desired monoclonal antibodies can be har- 
vested by several different methods. In one meth- 
od, the hybridoma clone is cultured [n vitro for an 
appropriate length of time and aliquots of the cul- 
ture fluid drawn off to provide monoclonal antibody- 
rich fractions. Alternatively, the hybridoma clone is 
injected into or implanted in a host animal, usually 
a mouse, resulting in in vitro tumor growth and 
accumulation of large amounts of monoclonal anti- 
body in the ascites fluid which can be appropriately 
tapped to permit removal of antibody-rich fractions. 

The present invention also concerns a general 
method of screening compounds for the ability to 
block binding of a ligand, e.g.. a virus, such as 
human rhinovirus. to a human cell surface receptor 
protein. The process involves contacting a can- 
didate compound, e.g.. a peptide or an antibody or 
fragment thereof-, with non-human mammalian cells 
which express the receptor protein (examples of 
such cells are (1) cells from a cell line which is a 
primary transfectant prepared by gene transfection 
of human ONA into non-human mammalian celts 
and (2) cells from a cell line which is a secondary 
transfectant prepared by gene transfection of pri- 
mary transfectant ONA into non-human malignant 
cells) and determining whether said candidate 
compound blocks the binding of the ligand. 

The screening method of the present invention 
can be applied to essentially any ligand/receptor 
interaction involving a human celt surface receptor 
protein that can be expressed on transfected non- 
human mammalian cells. The function of cell sur- 
face receptors is to provide a specific interaction 
between the cell and molecules which exist outside 
the cell. There are several different roles for recep- 
tors. The purpose of the interaction may be deliv- 
ery of nutrients to the cell, e.g.. iron delivery me- 
diated by interaction of the transferrin receptor with 
transferrin, or cholesterol delivery through LDL and 
the LDL receptor. The purpose may be clearance 
of undesirable compounds from the serum, e.g.. 
removal of proteins by the asialoglycoprotein re- 
ceptor in the liver. The purpose may be delivery of 
a specific signal to the cell. There are many exam- 
ples of this including hormones and growth factors 
such as insulin and EGF, lymphokines such as IL- 
2. lL-3, 8-cell factors and CSF and neurotransmit- 
ters such as endorphins and acetylcholine. 

In all of these examples it is well established 



that the ligand and receptor interact in a specific 
way. For example, binding affinities and saturation 
binding can be demonstrated. Relatively little is 
known at present' about the precise molecular basis 

5 of ligand/receptor interactions, e.g.. definition of the 
binding sites on receptor or ligand is known for 
only a few examples such as the LDL receptor and 
its lipoprotein ligand. Virus receptors constitute a 
special class of receptors, since the normal cellular 

70 function of the receptor is distinct from that of the 
binding virus. Rather, viruses have adapted to uti- 
lize or subvert cellular receptors to mediate their 
entry into cells. In some cases such as the 
rhinovirus and poliovirus receptors, the normal cel- 

75 lular function of ' the receptor is unknown. Other 

- virus receptors are already identified molecules 
such as the CD4 receptor for HIV. 

Non-limiting examples of ligand/receptor situ- 

- ations where a therapeutic blocking agent would be 
20 useful include the following: 

(1) CD4/HIV receptor 

(2) C3d receptor for EBV 

(3) Nicotinic acetylcholine receptor 

(4) IL-2 receptor 

25 (5) Interferon receptors, alpha, beta, gamma 

(6) NGF receptor 

(7) EGF receptor 

(8) PDGF receptor 

(9) Muscarinic acetylcholine receptor 
30 (10) alpha-adrenergic receptor 

(11) beta-adrenergic receptor 

(12) Substance K receptor 

(13) TGF alpha and beta receptors ' 

35 Candidate compounds that can be screened 

using the present method can be virtually any 
compound of potential therapeutic interest. The 
ability of the present method to accommodate a 
high testing volume allows more flexibility in select- 
do ing candidate compounds. The candidate com- 
pounds can be selected totally at random from 
available compounds or can be targeted by virtue 
of some structural characterisitic of known or sus- 
pected significance. 
45 The -blocking of the binding of the ligand to the 

receptor- protein expressed on the surface of the 
non-human mammalian cells can be determined by 
adding a labeled form of the ligand or an analog- 
thereof and detecting the extent to which the label- 
so ed ligand binds to the mammalian cells. Such 
labelling can be accomplished by conventional 
means, such as by using radiolabels, enzymes, 
dyes, fluorescent compounds, biotin-avidin com- 
plexes, etc. Such blocking of the binding of the 
55 ligand to the receptor protein expressed on the 
surface of the non-human mammalian cells can 
also be determined by adding the ligand or an 
analog thereof and detecting the binding of ligand 
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or analog to the mammalian ceils by adding an 
antibody to the ligand or analog and detecting the 
extent to which the antibody binds to the ligand or 
analog on the mammalian cells, 

A particularly rapid and efficient method uses 
formaidehyde fixed monolayers of the receptor- 
expressive transfectant cells in microtiter plates. 
Unlabelled ligand is bound to the cells at 37 'C in 
the presence of a test compound for one hour. 
Unbound ligand is removed by washing and the 
cells are incubated for 30 minutes at 4'C with a 
mouse monoclonal antibody against the ligand. Un- 
bound antibody is removed by washing and the 
mouse monoclonal antibody binding is quantitated 
using an anti-mouse monoclonal antibody coupled 
to a conventional detection system, e.g., a radioac- 
tive label, biotin-avidin, a fluorescent label, or an 
enzyme, such as alkaline phosphatase or horse 
radPsh peroxidase (i.e., standard ELISA methods). 

The present invention will now be illustrated, 
but is not intended to be limited, by the following 
examples. 



EXAMPLES 



Example 1_: Gene Transfection 

The gene transfection method involved the in- 
troduction and stable integration of human genomic 
DNA into mouse Ltk~ cells (thymidine kinase defi- 
cient mouse L cells) by calcium phosphate co- 
precipitation with the HSV (herpes simplex virus) 
TK gene. Transfected cells were stained with a 
fluorescent probe specific for the surface molecule 
of interest and positive cells were enriched from 
the total population using a. Fluorescence Activated 
Cell Sorter (FACS). This procedure was used to 
isolate Ltk~ cells which express the major 
rhinovirus receptor gene derived by transfection 
with HeLa cell genomic DNA. 

Specifically, mouse Ltk" cells were co-trans- 
fected with HeLa genomic DNA and the HSV TK 
gene using the standard calcium phosphate proce- 
dure and HAT selection (Graham and Van der Eb, 
Virology . 52, 456-467. (1973)). 



Example 2^ Detection of Cells Expressing the 
Rhinovirus Receptor 

In order to detect cells expressing the 
rhinovirus receptor, two assay systems for fluores- 
cent labeling of the receptor on the surface of "live 
cells were employed. Both systems were optimized 
using human HeLa cells which express the recep- 



tor, then applied to the analysis and preparative 
cell sorting of transfected mouse cells. 

The first method employed ultraviolet (uv) inac- 
tivated purified HRV 14 which was incubated with 
5 cells in suspension. After removing unbound virus, 
the cells were incubated first with a monocIonaJ 
antibody specific for HRV 14 and then with a 
commercially available fluorescein conjugated goat 
anti-mouse IgG. Specific labeling of HeLa cells in 
w the presence of virus, but not in its absence, was 
obtained indicating that the assay detects the virus 
receptor. Furthermore, mouse Ltk~ cells which* are 
known not to express the receptor give background 
levels of fluorescence, confirming the specificity of 

IS the assay. 

The second method was to label the receptor 
directly using a mouse monoclonal antibody di- 
rected against the major receptor. This monoclonal 
antibody was obtained by immunizing mice with 

20 HeLa cells and producing hybridomas from the 
spleens of those mice. Culture supernatants from 
the hybridomas were then tested for a protective 
effect against HRV 14 infection of HeLa cells. Four 
cloned hybridoma cell lines which could completely 

25 protect HeLa cells from infection with a high input 
of HRV 14 for 3 to 5 days were obtained. The cell 
lines and corresponding antibodies were designat- 
ed "C78.1". "C78.2". "C78.4" and "c78.5". The 
specificity of the antibodies for the major receptor 

3Q was confirmed by the finding that they had a 
comparable protective effect against HRV 3 infec- 
tion (major receptor serotype), while no protection 
was seen in the case of HRV 2 infection (minor 
receptor serotype). 

35 HRV 14 was grown on confluent monolayers of 

HeLa cells and virus was released from the cells 
by three freeze-thaw cycles. Cellular debris was 
removed by centrifugation and the virus was con- 
centrated by polyethyleneglycol(PEG) precipitation, 

^ Specifically, the virus from Example 1 was 

partially purified by sucrose gradient centrifugation 
and was uv irradiated to reduce infectivity. 

5 X 10"^ transfected cells were stained using 
the virus binding assay as follows: saturating 

45 amounts of HRV 14 were incubated with the cells 
at 37 C for 30 minutes and then unbound virus 
was removed and the cells were chilled to 4 ' C. 
The ceils were sequentially incubated with an anti- 
HRV 14 mouse monoclonal antibody and with 

so fluoresceinated goat anti-mouse IgG. Sterile cell 
sorting was performed using a Becton Dickinson 
FACS IV, with sorting parameters which selected 
the brightest 1.5% of the cells. Sorted cells were 
expanded and re-sorted until analysis showed at 

55 least 95% positive cells. Single ceil cloning was 
used to establish clonal cell lines which were 
shown to be 100% positive for expression of the 
receptor. 
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Example 3: Isolation of Mouse Ltk Cell Transfec- 
tants 

The isoiation of mouse Ltk~ cell transfectants 
was initiated using the indirect virus binding assay 
described above. A pool of Ltk~ cells transfected 
with HeLa DNA and representing 130,000 indepen- 
dent events was subjected to preparative cell sor- 
ting. After 4 rounds of cell sorting, 95% of the cells 
were positive, showing specific fluorescence in the 
virus binding assay. Single cell cloning was used to 
isolate 11 cloned cell lines which were 100% posi- 
tive for virus specific surface fluorescence. These 
cell lines were designated HRR 1 through HRR 11. 
HRR 1 has been deposited with the American Type 
Culture Collection (ATCC) and has received the 
designation ATCC CRL 9593, deposited on Novem- 
ber 19. 1987. DNA was extracted from each of the 
lines and analysed by Southern blotting and hy- 
bridization to a HeLa DNA probe. This experiment 
confirmed that each of the cell lines contained 
human DNA. it was also concluded that several 
independent transfectants had been obtained, since 
a number of different hybridization patterns were 
observed. As expected for primary transfectants. 
each cell line contained a large amount of human 
DNA. estimated to be several thousands of 
kiiobases, based on hybridization intensities. 

Specifically, to obtain secondary transfectants, 
DNA from primary transfectant cell line HRR 1 was 
CO- transfected into Ltk"* cells and cell sorting was 
performed as described above, with the exception 
that monoclonal antibody c78.4 was used for re- 
ceptor staining, A total of 13 clonal secondary cell 
lines designated HRR 1.1 to HRR 1.13 were ob- 
tained. High expressing cell lines HE 1 to HE 4 
were isolated by repeated rounds of sorting of the 
secondary pool until a homogenous level of ex- 
pression was obtained, followed by subcloning. HE 
1 has been deposited with the ATCC and has 
received the designation ATCC CRL 9592. depos- 
ited on November 19. 1987. 



Example 4: Preparation of Monoclonal Antibodies 
to the Major HRV Receptor* 



The Ltk" cells which were transfected with 
HeLa DNA to isolate rhinovirus receptor transfec- 
tants are derived from, a hybrid mouse strain des- 
ignated C3H/B16. Immunization of C3H/B16 mice 
with transfectants thus provides a high degree of 
specificity of the immune response for the human 
receptor. This is because the majority of antigens, 
both surface and internal, which are presented by 
the immunizing cells are "self and will not elicit an 
immune response. For this reason the use of trans- 
fected ceils as immunogens is a better method 



than the use of cells of another species, such as 
HeLa cells which will present a wide range of 
foreign antigens to the mouse. 

C3H/B16 mice were immunized by in- 

5 traperitonal injection of 10-7 primary transfectant 
HRR7 cells in PBS at three week intervals. Be- 
tween one and two months after the third im- 
munization, the mice were boosted with a final 
dose of 10-7 HRR7 celts. Three days later spleen 

10 cells were removed and fused with Ag 8 myeloma 
cells as described. Supernatants from hybridoma 
cultures were tested for protective effects against 
infection of HeLa cell monolayers by HRV 3. This 
was done by adding 100 ul of hybridoma culture 

75 supernatant to ^semi-confluent monolayers of 
20,000 HeLa cells in 96 well microtiter plates. The 
antibody was Incubated with the cells for one hour 
at 37* C and then unbound antibody was removed 
by washing. 20,000 PFU of virus was added to 

20 each well and the plates. were incubated at 34* C 
for 48 hours. Wells were scored using a light 
microscope for the presence or absence of viral 
cytopathic effect. Three hybridomas were identified 
which protect HeLa cells from HRV 3 infection. 

25 Each . antibody immunoprecipitates the 95 kd 
rhinovirus receptor protein. A representative 
hybridoma has been deposited with the American 
Type Culture Collection and designated ATCC HB 
9594. deposited on November 19. 1987. 

30 

Results 

The following factors Indicate that the human 
35 rhinovirus receptor ("HRR") cell lines of the 
present invention contain and express the major 
human rhinovirus receptor gene: 

(1) The cell lines were isolated using an 
assay for the specific binding of HRV 14 (human 

40 "rhinovirus) to the cell surface. This binding requires 
expression of the major human receptor. 

(2) The monoclonal antibody c78.4 binds 
specifically to the surface of the HRR cell lines, 
while showing no specific reactivity with the paren- 

45 tal L-cells. 

(3) Purified ^^S labeled HRV 14 binds di- 
rectly to HRR celts. Levels of binding are similar to 
HeLa ceils and approximately 100 fold higher than 
the non-specific background binding seen on L- 

50 cells. 

(4) Binding of HRV 14 to HRR celts can be 
competed by pre-incubation with monoclonal anti- 
body C78.4. An unrelated monoclonal antibody 
(anti-transferrin receptor) has no effect. 

55 (5) Monoclonal antibody c78.4 im- 

munoprecipitated a 95 kd polypeptide from HeLa 
cells. This agrees exactly with the published mo- 
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iecular weight of the major rhinovirus receptor. A 
95 kd polypeptide can also be immunoprecipitated 
from HRR cells, but not from Ltk" cells. 

(6) Immunization of mice with HRR cells has 
been used to produce monoclonal antibodies which 
protect: HeLa cells from HRV 14 infection. These 
monocionals immunoprecipitate a 95 kd polypep- 
tide from HeLa cells, which is the major rhinovirus 
receptor. 

Primary transfectant HRR 1 was used to obtain 
secondary transfectants which express the major 
receptor gene. The main purpose of this is to 
eliminate most of the human DNA sequences 
present in the primary transfectants in order to 
facilitate- molecular cloning of the gene. HRR 1 
DNA- was co-transfected into L-cells to produce 
approximately 250.000 tranfectants which were 
sorted using monoclonal antibody c78.4. After two 
rounds of ceil sorting 95% of the cells were posi- 
tive for expression and single cell cloning was 
performed to produce cell lines HRR 1.1 through 
HRR 1.13 (13 cell lines). Alt of these lines express 
the receptor at levels comparable to HeLa cells and 
contain a limited amount of human DNA as deter- 
mined by Southern hybridization to a HeLa probe. 
The secondary transfectants are therefore suitable 
material for the isolation of the receptor gene. 

During the course of secondary transfectant 
isolation it was observed that the level of expres- 
sion in the uncloned positive population was het- 
erogeneous, with some cells showing a higher level 
of fluorescence than HeLa cells. Several cell sorts 
were performed to isolate the highest expressors 
from this population. Four cloned cell lines were 
obtained, designated HE-1 to HE-4. which show a 
level of surface fluorescence consistent with 5 to 
10 fold higher levels of the receptor than is found 
on HeLa ceils. Quantitation of receptor numbers on 
HE-1 cells by '2S| labeled, antibody binding and 
immunoprecipitation confirms that they contain 10 
times- as much receptor as HeLa cells, despite 
having a smaller surface area. The molecular basis 
for the high receptor expression is unknown. 

Purified protein was then subjected to limited 
or complete proteolytic degradation, peptides were 
purified by either reverse-phase chromatography, 
gel filtration, or SOS-PAGE, and then subjected to 
automated protein sequencing. These sequences 
were used to search protein sequence (NRFB and 
MIPSX) and DNA sequence (Genbank) databases. 
A match of all known peptide sequences deter- 
mined from HRR protein was made. (Intercellular 
Adhesion Molecule-1 Simmons et al. "ICAM. An 
Adhesion Ligand of LFA-1. Is Homologous To The 
Neural Cell Adhesion Molecule of NCAM",' Nature. 
'331 . 624-627 (1988)). ICAM was under irivestiga- 
tion by other researchers because of its role in the 



adhesion of T lymphocytes to a variety of different 
cell types. It is hypothesized that ICAM (present on 
fibroblasts, epithelial cells, leukocytes, and endo- 
thelial ceils) interacts with a structure called LFA-1 
5 (lymphocyte-function associated antigen- 1) present 
on the surface of T lymphocytes, and is thereby 
responsible for the adhesion to these cell types. 

Applicants had determined the sequence of 
106 amino acids of the rhinovirus receptor, and all 

ro 106 matched exactly the sequence of ICAM (out of 
a total of 507 amino acids predicted for the ICAM 
sequence). Other biochemical information supports 
the identity of HRR with ICAM. First the primary 
mRNA translation product synthesized in an in vitro 

J5 translation system has an apparent molecular 
weight of 55,000 daltons which is the same as 
ICAM. Secondly, the HRR. protein species found in 
ceils poisoned with tunicamycin. a specific Inhibitor 
of asparagine-linked glycosylation. has an apparent 

20 molecular weight of 54,000 daltons, consistent with 
the removal of a signal sequence from the N- 
terminus of the protein. Third, partial digestion of 
core-glycosylated HRR protein indicates the pres- 
ence of seven asparagine-liked carbohydrate 

25 groups, consistent with the presence of eight po- 
tential carbohydrate acceptor sequences (N-S/T) in 
the amino acid sequence of ICAM. Finally, the 
chromosome map position of HRR was determined 
to be hurnan chromosome 19, identical to that 

30 determined for ICAM. 

Since the complete nucleotide and amino acid 
sequence of ICAM has been detemined. and there 
is substantial, if not overwhelming evidence that 
ICAM and the HRR are the same or very similar 

35 molecules, the complete amino acid sequence of 
the rhinovirus receptor is now known. The deter- 
mination of this amino acid sequence, which is a 
partial chemical structure of this molecule, provides 
the ability to design and produce large amount of 

^ receptor protein, fragments, functional domains, 
and truncated versions, and analogs of receptor 
protein, and peptides that have inhibitor/ activity 
towards rhinovirus and coxsackie A virus infection. 
The complete amino acid sequence also provides 

45 information needed for biophysical and biochemical 
studies of rhinovirus-receptor interaction which will 
lead to the identification of crucial molecular con- 
tacts, which can be used for design of novel inhibi- 
tory molecules. 

50 Since the ICAM molecule is a member of the 

immunoglobulin supergene family that maps to 
chromosome 19. (Eur. J. Immunol.. 15. 103-106 
(1984)) and since other picornaviruses^ such as 
poliovirus and coxsackie virus, bind to receptors 

55 whose genes are located on chromosome 19. it is 
posible that ICAM can be used as a basis for the 
development of therapeutics to counter infections 
by those other picornaviruses as well. It is possible 
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that ICAM or fragments thereof would be useful 
directly as therapeutics for other viruses and in- 
flammatory diseases. Alternatively, knowledge of 
ICAM structure will be useful in the identification of 
the receptors of those viruses. Further, ICAM-1 is 
closely related to two adhesion proteins of the adult 
nervous system, neural cell adhesion molecule 
(NCAM) and myelin-associated glycoprotein (MAG) 
and a family of epithelial cell molecules including 
CEA. NCA. TM-CEA, and the pregnancy-specific 
81 -glycoproteins. NCAM, MAG and ICAM-1 each 
have five immunoglobulin-like domins. see Oustin 
et al "Supergene Families Meet In The Immune 
System". Commentary, Elsevier Publications, Cam- 
bridge, 1988. The relationship of the picornaviruses 
and the supergene family of ICAM, NCAM and 
MAG provide the basis of developing proteins, pro- 
tein fragments, functional domains, analogs and 
mixtures thereof for inhibiting infectivity of this 
class of viruses. 

Knowledge of the amino acid sequence, and 
information about the ICAM protein coupled with 
the knowlege of HHR and rhinovirus provide the 
basis for the following approaches to design protein 
fragments and analogs for treatment of rhinovirus 
infection and for treatment of inflammation. 

Soluble forms of biologically active host cell 
protein could be used to inhibit virus infection, in 
contrast to the cell membrane bound receptor pro- 
tein that normally facilitates the infection. Soluble 
forms of biologically active receptor protein, protein 
fragments, functional domains or analogs could in- 
clude use of detergents as described supra. Alter- 
natively, elimination of the C-terminus could render 
the protein(s) soluble. A biologically active tryptic 
fragment is a mixture of two species, one with an 
apparent molecular weight of 83.000 daltons and 
one of 90,000 daltons (relative to HRR of 95kd). 
The N-terminus of both species is blocked, indicat- 
ing that they start from residue 1 of the intact HRR 
molecule, and peptides are removed from C-ter- 
mius: the largest possible fragment would be from 
residue 1 to residue 488. The downward shift in 
apparent molecular weight relative to intact HRR 
indicates a loss of > 5.000 daltons. or 45 amino 
acid residues, which would place the new C-termini 
of fragments at positions proximal (N-terminal) to 
the transmembrane segment. 

Examples of soluble fragments -could include 
the entire extracellular domain (up to a.a. 480) or 
could include either/or both distinct parts of the 
extracellular domain (a.a 1-200: 200-460) of the 
amino acid sequenc of the receptor protein. It is 
fuaher anticipated that smaller peptide fragments 
may provide biologically active analogs for inhibit- 
ing virus infection. 

A full length cDNA clone of the HRR will be 
isolated froma cONA library of Hei or other cells 



expressing the receptor by screening with 
oligonucleotides made from the published se- 
quence of lCAM-1. Construction and expression of 
domain fragments of the HRR will be achieved 
5 using established recombinant DNA methodologies 
(Fisher et al. Nature . 331 . 76-78 (1988); Hussey et 
al, Nature. 331. 78-81 (1988); Oeen et al. Nature . 
331. 82-86 1988)). A soluble extracellular domain 
will be made by cleaving a cDNA clone of the HRR 
10 coding sequence with Thai which cuts at position 
37 in the signal peptide region and at position 
1415, 12 amino acids before the start of the trans- 
membrane domain. Synthetic oligonucleotide link- 
ers will be added in a stepwise fashion to the 5 
;5 ■ and 3' ends of the molecule to restore the signal, 
peptide and initiator ATG at the N termnus and to 
introduce an in frame translational stop codon at 
the C-terminus. The position of the stop condon 
may be varied to produce alternative truncated 
20 forms of the molecule. Similarly, different infre- 
quently cutting restriction enzymes will be.used to 
insert stop condons in other regions of the mol- 
ecule. Restriction enzyme sites will be included at 
the ends of the linkers to allow directional cloning 
25 into a variety of expression vectors. Oligonucleotide 
site directed mutagenesis, using conveTitional 
methods, will be used to introduce restriction en- 
zyme sites where no convenient naturally occurring 
sites exist. Additionally, the polymerase chain reac- 
30 tion (PCA) technique will be used to produce spe- 
cific ONA fragments encoding domains and other 
subregions of the molecule. 

The approach described above will also be 
used to produce additional subfragments of the 
35 receptor such as the five immunoglobulin-like do- 
mains (residues 1-88, 89-185, 186-284, 285-385, 
386-453. Staunton et ai. Cell. 52, 925-933 (1988)). 
In this case appropriate signal sequences to direct 
protein secretion for the expression system being 
do used will be included. Various expression systems 
will be used including viral promoters in mam- 
malina cells (Cate et al. Cell, 45. 685-698 (1986)). 
insect cells (Smith et al. Pros. Acad. Sci. U.S.A. . 
82, 8404-8408 (1985)); and E. coti (Skerra and 
45 PTuckthun, Science . 240 . 1038-1041 (1988)). Sub- 
fragments of the receptor produced in the above 
manner will be tested for the ability to bind major 
rhinovirus serotypes and to reduce virus infectivity. 
Expression of the extra-celluar domain as de- 
50 scribed above will also be used to derive sufficient 
quantities of the soluble receptor for structural 
studies such as X-ray crystallography. 

Additional biologically active fragments will be 
evalutated utilizing overlapping sets of synthetic 
55 peptides of 10-20 residues corresponding to part or 
all of the HRR protein. The peptides will be made 
and individually tested for the ability to inhibit virus 
binding to receptor. 
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